During the past 20 years, the incidence of hypertensive disorders during pregnancy has increased, 3 probably at least partly because of increasing obesity and maternal age. 4, 5 Pregnancy requires complex adaptation of the cardiovascular system with decreased vascular resistance, increased blood volume, and other metabolic changes.
N ew-onset hypertensive disorders in pregnancy, like gestational hypertension and preeclampsia, are common complications that can lead to increased maternal and fetal morbidity and mortality during pregnancy and can affect the future health of both the mother and child. 1 Isolated newonset elevation in either systolic or diastolic blood pressure is probably quite common during pregnancy, but they currently have no diagnostic criteria, and isolated hypertensions are not independently noted in administrative data or discharge summaries.
antiangiogenic state during pregnancy, [14] [15] [16] as well as persistent endothelial dysfunction, 17 all of which may increase their risk for cardiovascular diseases. 13, 18 Well-conducted studies have shown that preeclampsia associates with the risk for end-stage renal disease, 19 cardiovascular diseases, and death. [20] [21] [22] [23] [24] [25] Increased risk for cardiovascular disease has also been observed among women with gestational hypertension, 21, 22, 24, 26, 27 but contradicting results have also been published. 28 Women with preeclampsia and gestational hypertension more often have diabetes mellitus 13, 26, 29 and chronic hypertension later in life, 20, 28, 30 which may modify the subsequent cardiovascular risks. However, no previous studies have long-term follow-up sufficient in time and clinical detail to comprehensively examine long-term health risks for several chronic disease end points among women who experienced hypertension in pregnancy. In addition, previous studies generally rely on administrative data or hospital discharge summaries and have not had prospective data, including clinical blood pressure measures from pregnancy, that allow for examination of elevated blood pressure in the absence of a diagnosed condition.
Our aim was to evaluate the risk to women for subsequent cardiovascular, cerebrovascular, and kidney disease, as well as diabetes mellitus morbidity and cardiovascular mortality associated with a full spectrum of hypertension during pregnancy with a long-term follow-up in the prospectively collected Northern Finland Birth Cohort 1966.
Methods

Northern Finland Birth Cohort 1966
The prospective Northern Finland Birth Cohort (NFBC) 1966 was composed of all expected births for the year 1966, in the 2 northernmost provinces of Finland (N=12 055 women). NFBC 1966 covers all live-born and stillborn infants of >28 gestational weeks or who had a birth weight of ≥600 g (96.3% of all births in the area). Demographic and clinical information on the women was collected by local midwives during routine visits in free-of-charge communal maternity welfare clinics (MWCs), with participation rate >90%. Women generally began the visits between 10 and 16 weeks' gestation (the onset of NFBC 1966 follow-up) and visited the clinics on average 7 times during pregnancy (93% had >5 visits). The final recruitment happened at the 28th gestational week if they still were pregnant. Questionnaire data on the women were collected at 24 to 28 weeks with 10.1% completing it later during pregnancy or after delivery. Health and sociodemographic data were obtained from antenatal cards filled in during routine MWC visits and/or from the questionnaire. 31 Informed consent was obtained from all participants, and this study was approved by the ethical committee of the Northern Ostrobothnia Hospital District.
Definition of Hypertension and Study Population
Blood pressure was measured in sitting position, and urinary dip stick tests were performed during every visit at MWCs (average of 7 visits with measurements per woman) by experienced nurses following standardized instructions by the Finnish National Board of Health. The highest blood pressure values in the first trimester of pregnancy and during 5 to 10 pregnancy months were documented in cohort databases at the time of initial data collection of NFBC 1966. These data and the complete clinical blood pressure data from each MWC visit were evaluated by 2 experienced obstetricians (A.-.L.H. and A.P.). The diagnoses of hypertensive disorders were based on the guidelines of the National Heart, Lung, and Blood Institute, 32 with 2 modifications: in the 1960s, clinical blood pressure values were rounded up or down to the nearest 5 mm Hg; thus, blood pressure values ≥145 mm Hg systolic and ≥95 mm Hg diastolic were selected to represent hypertension instead of the current cutoffs of ≥140 mm Hg systolic and ≥90 mm Hg diastolic, and we required women to have both systolic and diastolic blood pressure elevations for the diagnoses of gestational hypertension, preeclampsia/eclampsia, chronic hypertension, and superimposed preeclampsia/eclampsia. Women with elevations isolated to systolic or diastolic blood pressure were categorized as separate groups. Because hypertensive disorders are a continuum of disorders where gestational hypertension may progress to preeclampsia or to chronic hypertension as pregnancy progresses, our longitudinally collected data allowed diagnoses to be based on blood pressure elevation and proteinuria over the course of pregnancy, but single high values were sufficient for the diagnoses. Positive urinary dip stick tests were confirmed by boiling test and quantitated by the Esbach test to confirm proteinuria ≥0.3 g/L.
Women were grouped into mutually exclusive categories as described below.
Normotensive
Blood pressure <145/95 mm Hg throughout pregnancy (N=6552).
New-Onset Hypertension During Pregnancy
1. Isolated systolic hypertension described systolic blood pressure ≥145 mm Hg any time during pregnancy with no proteinuria (N=866). 2. Isolated diastolic hypertension described diastolic blood pressure ≥95 mm Hg any time during pregnancy with no proteinuria (N=742). 3. Isolated hypertension with proteinuria described either isolated systolic or diastolic hypertension (but not both) and proteinuria in ≥1 sample at any time during pregnancy (N=137).
Most (72.1%) women with isolated hypertension had hypertension only after midgestation, but 27.9% had either isolated hypertension in early pregnancy or high isolated hypertensive values recorded throughout pregnancy, but not postpartum. 4 . Gestational hypertension included women who were normotensive before the 20th gestational week but hypertensive after the 20th gestational week, with no proteinuria during pregnancy (N=991). 5. Preeclampsia/eclampsia included women who were normotensive before the 20th gestational week but hypertensive after the 20th gestational week with proteinuria in ≥1 sample (N=242).
Chronic Hypertension
6. Chronic hypertension included those with hypertension before the 20th gestational week, continuing throughout the pregnancy and/or up to 6 weeks after pregnancy. Alternatively, it included those having chronic hypertension and/or antihypertensive medication recorded in the cohort questionnaire and/or MWC files and no proteinuria during pregnancy (N=668). 7. Superimposed preeclampsia/eclampsia included chronic hypertension with proteinuria (N=116).
Our analyses are based on 10 314 women with singleton pregnancies. We excluded 1554 women from the original cohort who could not be classified because of missing blood pressure measurements, 11 women who died within 1 year of pregnancy, 163 women with multiple gestations, and the second pregnancy of 13 women who delivered twice during the study year. Women with missing blood pressure measurements had similar age and prepregnancy body mass index (weight in kilograms/height 2 in meters) but were more often nulliparous, had lower socioeconomic status and visited the MWCs less often than women with available data. Their overall rate of chronic diseases was similar to women with available data (45.7% versus 46.3%).
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Because our hypertension data were from 2 sources, we did a sensitivity analysis among women with gestational hypertension, preeclampsia/eclampsia, and isolated hypertension who could have been solely diagnosed using blood pressure values recorded in the NFBC 1966 database during the original data collection (women who had data on the highest systolic and diastolic blood pressure values in 2 to 4 months and in 5 to 10 months of pregnancy, composing 80.1% of the groups). Sensitivity analyses were also conducted restricting data to nulliparous women and the groups with gestational hypertension, preeclampsia/eclampsia, and isolated hypertension to women who were presumed to be low risk (age <35, normal weight [body mass index, 18.5-24.9 kg/m 2 ], and no smoking or diabetes mellitus) at the beginning of pregnancy. These analyses were further restricted to nulliparous women.
Follow-up Data on Disease Outcomes
Average follow-up time was 39.4 years (range, 3.0-43.6 years) and the studied outcomes were as follows (see the online only Data Supplement Methods section for specific definitions): total cardiovascular disease (first episode of any cardiovascular or cerebrovascular disease), ischemic heart disease, myocardial infarct (MI) and MI deaths, heart failure, ischemic cerebrovascular disease, chronic kidney disease, diabetes mellitus, and arterial hypertension.
The first year of follow-up was excluded from analyses to reduce the immediate effect of pregnancy complications on the outcomes. An outcome was considered to have occurred if women had the diseasespecific International Classification of Diseases code recorded in ≥1 of the following Finnish registers; the Special Refund Entitlement Register (from 1967-2000) has medically verified diagnoses for chronic diseases, required to receive medication reimbursement for said disease. As the verification of diagnoses requires evidence based on examination and approval of a medical certificate by a specialist physician, 33 we believe that the register has a high accuracy, as currently shown for heart failure (with positive predictive value of 93.4%). 34 The Hospital Discharge Register (from 1972-2008) includes all discharge diagnoses with International Classification of Diseases codes from hospital wards or outpatient clinics and has a positive predictive value of 87% to 94% for stroke and MI, 73% for heart failure, and 94% for endocrine diseases. 35 The Population Register and Register of Causes of Death (from 1962-2006) includes all deaths and causes of death with International Classification of Diseases codes, with positive predictive values comparable to the Hospital Discharge Register 36,37 and a 7.7% false-positive rate of ischemic heart disease. 38 Women who moved abroad (N=529) were identified by the Population Register, and they provided follow-up data until the year of their move.
The diagnosis of arterial hypertension after pregnancy was based on reimbursement for hypertensive medication, hospitalization, or death with hypertension noted, so women treated with diet and lifestyle modification will not be captured. The register-based data were combined with the NFBC 1966 data using Finnish individual social security numbers by personnel uninvolved in this study. The researchers had no access to identifiable data concerning the participants.
Statistical Methods
Student t tests, Fisher exact probability tests ,or χ 2 tests were used to compare unadjusted differences between the characteristics of women with and without hypertension during pregnancy. A small amount of missing covariate data were imputed (0.1% of maternal age and socioeconomic status, 0.2% of parity, 2.1% of smoking, 7.1% of number of MWC visits, and 5.0% and 5.1% of weight and height) using multiple imputation (5 imputations with 100 iterations) with the aforementioned variables as covariates. The original and pooled results with imputations were similar, and only the pooled results are presented.
Cox regression analysis assessed the impact of hypertension on subsequent morbidity and mortality using age at the beginning of follow-up and age at event/censoring as indicators of time to account for maternal age during pregnancy and length of follow-up. Proportional hazard assumption was verified graphically and using linear regression to estimate slope of partial residuals over time. The results are presented as hazard ratios with 95% confidence intervals and as 1-survival curves for selected outcomes. Adjusted models also include maternal prepregnancy body mass index, smoking, parity (nulliparous/multiparous), diabetes mellitus before or during pregnancy, and socioeconomic status (manager or office worker/worker or farmer/housewife). Crude and adjusted hazards were fairly similar, and only the adjusted models are presented. The risk of arterial hypertension was not estimated for women with chronic hypertension or superimposed preeclampsia/eclampsia in pregnancy, as per definition these women were already affected with the outcome. All of the statistical analyses and graphics were performed with SPSS 19.0 (IBM SPSS Statistics).
Results
Population Characteristics
Hypertensive women were generally older, heavier, and visited MWCs more often than normotensive women (Table  1 ). There were significantly more nulliparas among most hypertensive groups than among normotensive women with the exception of superimposed preeclampsia/eclampsia and isolated systolic hypertension. Women with gestational hypertension, preeclampsia/eclampsia, isolated diastolic hypertension, and chronic hypertension were less likely to be smokers, and women with chronic hypertension, isolated systolic hypertension, and superimposed preeclampsia/eclampsia were less likely to be managers or office workers than normotensive women. At the end of the follow-up, women were, on average, 66.7 years old (interquartile range, 62.6-72.6 years).
Cardiovascular and Ischemic Heart Disease
Increased risk for subsequent cardiovascular disease was observed among all of the hypertensive groups except among women with isolated hypertension and proteinuria (Table 2 and Figure) . Isolated diastolic hypertension, gestational hypertension, preeclampsia/eclampsia, chronic hypertension, and superimposed preeclampsia/eclampsia were associated with increased risk for ischemic heart disease.
MI and Heart Failure
Women with chronic hypertension and superimposed preeclampsia/eclampsia experienced high risks for MI, MI death, and heart failure. Similarly high risk for MI and MI death was observed among women with isolated hypertension and proteinuria. Gestational hypertension, preeclampsia/eclampsia, and isolated systolic hypertension were associated with increased risk for heart failure, gestational hypertension with increased risk for MI and MI death, and isolated systolic hypertension with increased risk for MI death (Table 2 and Figure) .
Ischemic Cerebrovascular Disease
Women with chronic hypertension and gestational hypertension had similar risks for ischemic cerebrovascular disease with hazard ratios of 1.8 and 1.6, respectively (Table 2) .
Chronic Kidney Disease
Gestational hypertension and isolated hypertension with proteinuria were associated with higher risks for chronic kidney disease compared with normotensive mothers (Table 2) . February 12, 2013
Arterial Hypertension and Diabetes Mellitus
All of the women with transient hypertension during pregnancy had higher risks of subsequent arterial hypertension compared with normotensive women and were also significantly younger at arterial hypertension diagnosis than normotensive women. Women with isolated systolic hypertension, gestational hypertension, chronic hypertension, and superimposed preeclampsia/eclampsia had increased risks of subsequent diabetes mellitus compared with normotensive women (Table 2) .
Sensitivity Analyses
We examined long-term risks restricting the analyses to women without known risk factors for cardiovascular diseases, such as smoking, overweight/obesity, advanced age, and diabetes mellitus (Table 3) . Elevated risks remained significant for all of the outcomes associated with gestational hypertension. Arterial hypertension risk remained significant among those with isolated hypertensions, gestational hypertension, and preeclampsia/eclampsia in this low-risk group. Analyses restricted to nulliparas and those restricted to women with hypertension diagnoses based solely on original cohort data yielded generally similar findings to those reported, although with a loss of statistical power and precision because of the smaller sample size (data not shown).
Discussion
New-onset hypertension is common during pregnancy, and its possible consequences on the future health of the mother must be carefully evaluated. This large, population-based prospective cohort with a long-term follow-up shows that new-onset gestational hypertension is a more important risk factor for ischemic cardiovascular and cerebrovascular diseases than reported previously and shows for the first time that it was associated with increased risk for kidney disease. Even in the absence of risk factors such as smoking, overweight/obesity, and advanced age, women with gestational hypertension have high risk for future disease, particularly for fatal MIs, compared with normotensive women. We present novel findings that new-onset isolated systolic or diastolic hypertension was associated with significantly increased cardiovascular and kidney disease risk later in life. We also observed the anticipated results that women with chronic hypertension with and without superimposed preeclampsia/ eclampsia during pregnancy have high risk for later cardiovascular diseases.
Our findings regarding new-onset gestational hypertension or preeclampsia/eclampsia are generally consistent with previous studies, with increasing risk for arterial hypertension, 26, 28, 30 all-cause cardiovascular morbidity and mortality, 13, 21, 22, 26, 27 ischemic heart disease, 21, 26 heart failure, 25, 26 and diabetes mellitus, 26 although we generally find higher disease risks among women with gestational hypertension than among those with preeclampsia, in contrast to other studies. 22, 24 In addition to lower statistical power for preeclampsia analysis, we also recognize potential differences attributed to the underlying pathophysiology, with preeclampsia more likely to have an immunologic or placental origin [14] [15] [16] whereas women with gestational hypertension have poorer metabolic health. [8] [9] [10] [11] [12] Many reproductive-aged women already have cardiovascular risk factors, 6 and pregnancy as a stressor may reveal their [8] [9] [10] [11] [12] not hypertension, leads to increased chronic disease risk. However, we also found increased risks among women with elevated blood pressure but no known risk factors in the sensitivity analyses, suggesting that hypertension during pregnancy has an independent effect on long-term risk. As the proportion of pregnancies complicated with hypertension increases, 3 these long-term health risks merit attention in the obstetrician's office, as well as in primary and specialty care as women age.
Our study is the first to show that de novo gestational hypertension is associated with increased risk for ischemic cerebrovascular disease and for kidney disease. Previous studies have examined total cerebrovascular disease, which can include cerebral hemorrhages and other events resulting from trauma that are unrelated to hypertension. 28 Others have reported kidney disease after preeclampsia, 19 whereas ours is the first to show increased risk associated with gestational hypertension, contradicting results of one previous study. 28 We recognize that our study may have some misclassification, because current diagnostic criteria for gestational hypertension and preeclampsia suggest that elevations in either systolic or diastolic blood pressure after midgestation are diagnostic for the disorders. 32 Therefore, some of our cases of isolated hypertension might be classifiable as having preeclampsia or gestational hypertension. This difference in classification might explain why other studies have shown stronger association with cardiovascular diseases and preeclampsia than seen in our study. Also, our cases of gestational hypertension probably represent more severe cases, which might explain the stronger association with subsequent diseases than reported in previous studies.
Our study is the first one to report the association with new-onset isolated systolic or diastolic hypertension during pregnancy and subsequent cardiovascular and kidney diseases and diabetes mellitus. As isolated elevations in either systolic and diastolic blood pressure in adulthood increase the risk of cardiovascular events, 39 we wanted to specifically study the effects of isolated hypertension during pregnancy. We also had a subgroup of women with isolated systolic or diastolic blood pressure in early pregnancy only, and this group would not fit any current diagnostic criteria.
We observed new-onset isolated elevation in systolic or diastolic blood pressure during pregnancy in ≈17% of all women in our cohort, and ≈30% of them had a cardiovascular event before their late 60s and 3% died of MIs. If we were to extrapolate our results to the population of United States with ≈4 million births each year, 4 >200 000 women per year could have isolated hypertension during pregnancy, indicating a substantially increased risk for later cardiovascular events that currently is not well recognized. Our results indicate that any history of isolated hypertension during pregnancy merits comprehensive cardiovascular risk assessment during later life.
The strength of this study is the prospectively collected blood pressure and proteinuria data, which allowed us to reliably categorize mothers as hypertensive or normotensive during their index pregnancy and separate cases with chronic hypertension. To our knowledge this is the first study with prospective clinical blood pressure data during pregnancy and a follow-up of ≈40 years. Previous studies have lacked clinical data, 21, 22, 24, 26, 27 with the potential of misclassification of hypertensive disorders of pregnancy, difficulty in separating cases of chronic hypertension from de novo hypertension, and no data on isolated systolic or diastolic hypertension. All of the clinical measurements in our study were obtained following standardized instructions, and repeated longitudinal data collection should limit the error in our diagnoses. Any potential misclassification of pregnancy hypertension would also be nondifferential with respect to subsequent registry assessment of chronic disease. Most previous studies exclude women with preexisting hypertension, 21, 23, 24, 28 but our rich data allow us to observe meaningful differences in later life risk for MI, MI death, and heart failure between women with superimposed preeclampsia/eclampsia compared with women with chronic hypertension in pregnancy. Linkage with comprehensive Finnish registers allowed us to evaluate several chronic disease outcomes.
Although the prospective clinical data are rich, we do not have the ability to evaluate changes in cardiovascular risk factors during follow-up. Finns generally have a higher cardiovascular disease morbidity and mortality rate than populations of Southern European countries but a comparable rate with the United States. 40 However, it is noteworthy that, during the follow-up period of this study, several populationwide interventions for cardiovascular risk factors have been done in Finland, and the coronary disease mortality has decreased 80% during that time. 41 We were also able to adjust for prepregnancy body mass index and smoking, which is a significant improvement over previous analyses. We do not know how intensely hypertensive mothers were treated during and after pregnancy, and those with the most severe cases of hypertensive disorders during pregnancy may have received more extensive treatment, which impacted future disease risk. Given that those women still experienced high risk for chronic disease, if they received intensive treatment, our estimates of risk would be conservative. The prevalence of arterial hypertension and diabetes mellitus is likely underestimated, because these conditions can be treated without medication or hospitalization, and some will not show up in the registers.
Conclusions and Recommendations
Elevated blood pressure during pregnancy signaled higher risk of cardiovascular, cerebrovascular, and kidney disorders, as well as diabetes mellitus, later in life. Significantly increased risks were seen for women with new-onset isolated systolic or diastolic hypertension and among women with de novo gestational hypertension even without other known risk factors. Current obstetric practice does not separate isolated hypertension with or without proteinuria from other hypertensive disorders of pregnancy or fails to diagnose them completely. We find the long-term risks of these isolated blood pressure elevations are striking. Primary and cardiac care for women should include an assessment of any history of elevated blood pressure during pregnancy, and additional ), and diabetes mellitus before/during pregnancy. Only nonsmoking, nondiabetic women with BMI between 18.5 and 24.9 kg/m 2 and age <35 y are included in the analyses. Difference in age at first event was compared among women with observed outcomes during follow-up with Student t test; censored women did not contribute to these analyses. Hypertensive groups were individually compared with the normotensive group. HRs were calculated using Cox regression, and the model was adjusted for parity and socioeconomic status. Age was used as a time scale. *P<0.05. †P<0.0001.
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